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Model predictions of the diurnal variations of plasma convection velocities and electron densities in the high-latitude ionosphere were compared with Millstone Hill incoherent scatter radar
observations for an equinox day on which there was moderate magnetic activity. On the observation day, three major morphological features were evident at 500 km, including a dayside high
density region, a nightside mid-latitude trough, and a region of slightly enhanced densities in the
auroral zone. Although the dayside high density region was due to solar EUV radiation, it was
not symmetrical about local noon (1000-1900 LT sector) owing to the effect of horizontal
transport. The nightside mid-latitude trough was the deepest, the widest, and reached its most
equatorward latitude in the morning sector. The model was able to reproduce these two features
quite accurately. In the dusk sector, the trough was filled in, and its latitudinal extent was
restricted by a discrete auroral arc, a feature not included in the ionospheric model. Except for
this arc region, the enhanced electron densities in the auroral zone were adequately described by
the average precipitation fluxes used in the model. The observed plasma drift velocities were consistent with a two-cell, asymmetric convection pattern with enhanced flow in the dusk sector.
Outside the polar cap, the fall-off of the magnetospheric potential with latitude was proportional
to the inverse of the sine of colatitude to the fourth power. The convection pattern employed in
the model included these features and had a 60 kV cross-polar-cap potential. Efforts to reproduce
the observed behavior by using a larger cross-polar-cap potential (90 kV) or a symmetric pattern
are also presented. These were generally less successful and demonstrate the sensitivity of the
morphology of the F region at high latitudes to the convection process.

1. INTRODUCTION

During the past few years, we have developed a comprehensive model of the convecting high-latitude
ionosphere in order to determine the extent to which
various chemical and transport processes affect the ion
composition and electron density at F region altitudes [ef.
Schunk and Raitt, 1980; Sojka et al., 1981a, b, c, 1982a, b;
Schunk and Sojka, 1982a, b]. Our numerical model produces time dependent, three-dimensional ion density
distributions for the ions NO+, O 2 +, N 2+, 0+, N+, and
He+. The model takes account of diffusion, thermospheric
winds, electrodynamic drifts, polar wind escape, energy
dependent chemical reactions, magnetic storm induced
neutral composition changes, and ion production due to
solar EUV radiation and energetic particle precipitation.
One of the important results that emerged from these
studies was that high-latitude ionospheric features, such
~s the 'main trough', the 'ionization hole', the 'tongue of
IOnization', and the 'aurorally produced ionization peaks',
~e .a natural consequence of the competition between the
arlOUs chemical and transport processes known to be
~:rating in the high-latitude ionosphere. We also found
t these features display a marked variation with
~son, convection pattern, and universal time (UT)
n order to determine the validity of our model, we have
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compared model predictions with observations whenever
possible. We compared plasma convection patterns predicted by our model with those observed concurrently at
Chatanika, Alaska, and Millstone Hill, Massachusetts
[Sojka et al., 1980]. These two incoherent scatter facilities
operated over the same period of four days in June 1978
and provided data sets that were averaged to 24 hours in
order to minimize the effects of individual sub storms. The
two radar facilities observed different diurnal patterns of
horizontal plasma convection velocities owing to the displacement between the geomagnetic and geographic
poles. In general, there was good agreement between the
convection model and the different diurnal patterns
observed at Chatanika and Millstone Hill.
For solar minimum, winter, and low geomagnetic activity conditions, we have compared the electron density
and ion compositional variations that we obtained from
our model with the Atmosphere Explorer (AE-C) satellite
data presented by Brinton et al. [1978], and generally
good quantitative agreement was obtained between
theory and measurement [Sojka et al., 1981a, b]. However, the AE data were not organized with respect to universal time, and therefore, the large UT variation of electron density that our model predicts, which results from
the displacement between the geomagnetic and geographic poles, could not be tested. To remedy this situation, we used the sun synchronous (fixed LT) nature and
high time resolution of the ion density measurements
from the DMSP F2 and F4 satellites to study the UT
dependence of the high latitude ion density at 800 km
[Sojka et al., 1982b]. Both the long term variation of the
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ion density on a time scale of days, and the orbit by orbit
variations at the same geomagnetic location in the northern (winter) hemisphere for the magnetically quiet time
period chosen show good qualitative agreement with the
UT dependence predicted by our theoretical model for
similar geophysical conditions.
Although the comparisons described above were useful
in verifying some of the predictions of our ionospheric
model, they were limited in that either averaged data or
data along individual satellite tracks were used. In this
study, we attempted a more comprehensive comparison
of model predictions and observations. Specifically, we
compared the predicted diurnal variations of plasma convection velocities and electron densities with
measurements made at Millstone Hill on a
geomagnetically moderately active day near equinox.
2.

12

18

6

CONVECTION AND GLOBAL CONDITIONS

The F region ion densities and associated plasma drift
1500m/s
24
velocities presented in this paper were obtained by the
Fig. 1. Ion drift velocities measured by the Millstone Hill radar
Millstone Hill incoherent scatter radar facility over a 24- during
the 24-hour period beginning at 1326 UT on Octol;>er 13,
hour period beginning at 1326 UT on October 13, 1979. 1979. The velocities are displayed in a local time-invariant
Millstone Hill is located at 42.6° Nand 71.5° W latitude polar diagram.
(geographic) at an invariant latitude (A) of 56°. The data
were acquired over a latitudinal interval 52° ~ A ~ 72° by
scanning the antenna in azimuth from east to north while difficult to show the speed and direction at other local
holding the beam at a fixed elevation of 4°. Each scan times. In the afternoon sector, very marked westward
took approximately 30 min to complete. At low latitudes flows are observed, the magnitude of which increases
the resolution N-S is set by the scan rate (4°/min) and the with latitude. At about 1800 LT and 72°/\, the maximum
integration length (30 s) to be rv 1° at an altitude of 500 velocity for this 24-hour period is observed to be about
km. At high latitudes the resolution in latitude is set by 1500 m/s. There is no indication at the highest latitude of
the 300-km length (2°) of the exploring pulse. The time a flow reversal from the sunward to the anti-sunward
resolution is set by the scan rate (30 min), which means direction, indicating that the polar cap boundary, which
that a given location in the ionosphere is revisited twice is identified by such a reversal, is somewhat poleward of
per hour.
72°A in the afternoon sector. The flow velocities in the
The azimuth scan data described above yield estimates morning sector are particularly weak to the extent that
of the line of sight drifts over a range of radial distances this region is predominantly corotating with the earth.
and azimuths with respect to the radar. Vector electric Indeed in this sector the vectors show a progressive rotafields were derived from these estimates by assuming tion with latitudes and little change in length, suggesting
that the line of sight drift could be represented in terms of that the solution for the fields becomes unreliable when
an electrostatic potential:
they are weak and do not change with latitude. Over a ,
sector from 1000 to 1300 LT at 72°/\ there is a region
Vp = p • (-A<t> x B)IB2
(1) where the plasma flows into the polar cap, while in the
2000 to 2300 L T sector at 72°A there is strong outflow
where vp is the observed drift, p is a unit vector in the from the polar cap.
radar look direction, <t> is the potential, and B is the
For the 24-hour period covered by the observation, the
geomagnetic field. The contribution of the parallel compo- first 15 hours (0700-2200 LT) were moderately active with
nent of the ion velocity is assumed to be negligible, p • VII an average 3 hourly Kp of 3-. The remaining nine hours
= O. The potential was represented as an analytic function were less active with an average Kp of 2. Although the
of UT, azimuth, and range, subject to the boundary con- data shown in Figure 1 cover a 24-hour period, the time
dition <t> = 0 at the latitude of Millstone. A least squared variation of the magnetospheric convection electric field
fit to the data was computed. The vector velocity was cannot be readily inferred from a single corotating radar
then calculated from (1). This technique is described in site. However, for a thorough comparison of model
more detail in Holt et al. [1983J.
predictions and observations it is necessary to know both
Figure 1 shows the drift velocities observed on October the local time and universal time (UT) variation of the
13-14, 1979, plotted as a function of apex (or invariant magnetospheric electric field. Since the latter is unknown
latitude) and local magnetic time for a local time cor- to a large extent, we selected three different model conresponding to the universal time of the center of each vection patterns, each of which was assumed to be UT
scan (this accounts for the curved sets of vectors shown). independent for the 24 hour duration of the study. T~e
Unfortunately, in order to accommodate the large drifts three models were chosen to cover a range of magnetlc
seen near 1700 LT (> 1500 m /s), the scale is such that it is activities somewhat greater than those described for the
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TABLE 1. Convection Model Parameters
Model

Kp

Ap

~ ct

Polar radius

Polar Offset

Polar E Distribution

A

5
3
2.25

35
15
9

90kV
62kV
52kV

18.5 0
17.90
15.0 0

2.0 0

Dusk enhanced
Dusk enhanced
Symmetric

B

C

2.20

2.3

0

All 3 models use a fall-off coefficient of 4.
observation day. Table 1 lists the parameters associated
with the three convection models. Model A is appropriate
for an average 3 hourly Kp of 5 and has a cross-tail
magnetospheric potential (tct) of 90 kV. This model corresponds to a more disturbed day than the day in question. Its polar cap is defined by a circle of radius 18.5°
centered on a point offset from the magnetic pole by 2° in
the antisunward direction. Model A and also model B
have an enhanced dusk convection cell that simulates the
observed' dawn-dusk flow asymmetry. Model B is representative for a Kp of 3 and employs a cross-tail
magnetospheric potential of 62 kV. This model is
expected to be ~he most appropriate for the comparison
with the radar data. The final model, model C, corresponds to Kp of 2 and cros~-tail potential of 52 kV.
However, for model C the convection pattern was
assumed to have two symmetric cells. It should be noted
that our association of a given convection model with a
specific level of magnetic activity cannot be rigorously
justified, but it reflects the general trend between crosstaU potential and Kp.
Figure 2 ~hows horizontal flow velocities for the 3
models as views by a corotating observer. The velocities
are presented in a MLT invariant latitude frame, with the
velocities being shown over a similar latitudinal range as
obtained by' the radar (see Figure 1). Model A velocities
ar~ sq.own in the upper panel; the enhanced dusk flow and
~th the' ~oon and midnight flow reversal regions are evident. Flow speeds of 2 km/s are found at 1800 MLT and
700A, beyond which a region of antisunward polar cap
flow is' found. Model B (central panel) has similar flow
characteristics, but the size of the polar cap and the flow
speeds are reduced. In addition, the local time of the flow
reversals at both noon and midnight are shifted to times
nearer those observed (compare with Figure 1). The third
model (lower panel) shows symmetric weak flow regions
~ the dawn and dusk sectors. Of the three models, model
B provid~s the best comparison with the observations
with re~ard to flow directions, flow speeds, and the asymmetry between the dawn and dusk sectors.
Fi~e 3 shows a more quantitative comparison be~ween the Millstone Hill 'radar data and the three models.
In the left panel, the three radar scans that cross the
r .
.eglon of 1800 LT are plotted as a westward speed versus
:variant latitude. Data sets 1, 2, and 3 are, respectively,
~adar ~cans near the 1600, 1700, and 1800 LT meri"
at 58°" shown in Figure 1. An inferred '1800 ' LT
~e. has been drawn as a dashed line through these data.
S inferred curve uses the velocity from the 1600 L T
~ at the most poleward extent, the velocity from the
. 18~ LT scan at 70° latitude and the velocities from the
-, 0
LT scan between 56° and 65°. These are the regions
"~ the 1800 LT meridian crossed by the three scans (see

a

Figure 1). The model 1800 MLT flow speeds are shown in
the right panel. The model A curve is, in general, too high
and model C is too low. Model B gives reasonable quantitative agreement with the radar data in that both the
peak speed and the fall-off with latitude are similar to
those observed. The model has a fall-off with latitude that
is proportional to the inverse of the sine of colatitude to
the fourth power.
The variation of drift velocities observed at Millstone
Hill (strong at dusk and weak at dawn) is probably
related to the variation of magnetic activity on this day.
Indeed, the Churchill magnetometer array situated about
2 hours (25° longitude) to the west of Millstone Hill
observed relatively quiet conditions for the period of
observation, except for a 10 hOl~r period from 1700 UT on
October 13 to 0300 UT on October 14 when a series of
about eight substorms occurred (John Walker, private
communication, 1982). This period of high activity corresponds to about 1130 LT to 2130 LT (afternoon-early
evening sector) at Millstone Hill.lience, although our use
of an asymmetric dusk enhanced time-independent convection pattern can be questioned, we believe that for
Millstone Hill the model does correspond to the local
observations.
In order to calculate the ion densities it is necessary to
follow plasma flux tubes over at least 24 hours. This
enables us to correctly account for the UT dependent
variations associated with the offset between the geographic and geomagnetic poles (or in the MLT framework
of Figure 1 the fact that the location of the terminator
depends on UT). Figure 4 shows the plasma drift trajectories in an invariant latitude-MLT quasi-inertial frame.
In this figure, the tendency of the plasma to corotate has
been taken into account. Arrows indicate the general drift
directions. Panels A, B; and C correspond to models A, B,
and C. Each set of model trajectories appears as a twocell pattern but with different cell sizes. The largest cell
size'is associated with the most active model (model A). A
plasma stagnation region, where sunward magnetospheric convection cancels corotation, is found in the
1900 to 2000 ML T sector for each model; however, the
latitude of this region moves equatorward as the
magnetic activity level increases.
Figure 5 shows contours of the horizontal convection
drift speed for each model in the invariant latitude-MLT
quasi-inertial frame. The enhanced plasma flow in the
dusk sector for models A and B is clearly evident. All
three models show fairly uniform flow speeds in the polar
cap (with speeds between 150 and 500 m/s).
Figure 6 shows contours of the vertical component of
the electromagnetic drift velocity for each model in the
quasi-inertial frame. These vertical drifts arise because
(except at the pole) there is a component of the Ex B drift
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Fig. 2. Model ion drift velocity distributions for Millstone Hill.
The velocities are displayed in an MLT-invariant latitude polar
diagram. The panels A, B, and C correspond to the plasma convection models A, B, and C, respectively.

(deg)

75

I
I

0
60

65

70

tt 75

A (deg)

Fig. 3. Westward drift velocity component as a function of
latitude as observed at Millstone Hill (left panel) and as
predicted by the convection models (right panel). Data sets 1,2,
and 3 (left panel) are the latitudinal scans starting at 1600, 1700,
and 1800 LT, respectively. Because the scanning track does not
lie along a magnetic meridian, all three data sets cross the 1800
MLT meridian. The dashed line gives the inferred latitudinal
variation along the 1800 MLT meridian. The right panel gives
the latitudinal variation along the 1800 MLT meridian as
predicted by the three plasma convection models.

in the vertical direction and are predominantly upward on
the dayside (solid contours) and downward at night
(dashed contours). The distribution of the upward and
downward drifts has a marked effect on the loss/maintenance of plasma as well as on the shape of the F region
density profile. In models A (upper panel) and B (central
panel) the vertical drift speeds range from 60 mls
(upward) to -60 mls (downward); however, the model B
distribution shows a much higher degree of dawn-dusk
asymmetry. In fact, model B has only a +20 to -20 mls
variation in the dawn sector, which is comparable to the
last active model C.
Not shown in Figure 6, but also important for producing vertical ion drifts, is the effect of the neutral wind.
The neutral wind in our model blows over the polar cap
from 1300 to 0100 MLT and is such that around noon and
below 70°1\ downward ion drifts of the order of 10's of mls
are produced, while around midnight and equatorward of
70°1\ upward drifts, also of the order of 10's of mis, are
generated. On the dayside, the overall effect of the windinduced vertical drifts is overshadowed by the high production rates. By contrast, in the night sector production
rates are low and vertical transport becomes very important. At mid-latitudes the neutral wind-induced upward
drift acts to maintain the nighttime corotating F region.
Figure 7 shows contours of the auroral precipitation
energy flux used in the three models. The energy flux is in
units of ergs cm- 2 8- 1 sr- 1. These auroral energy fluxes
are the major source of nighttime ion production. In the
model calculations the ion production rate profiles were
attributed to electrons of the same auroral spectral shape
everywhere, but of differing energy flux. The spectral
shape adopted was that of auroral electrons with a
characteristic energy of a few keY; see Knudsen et ~l.
[1977]. None of the auroral precipitation models used ~
this study had discrete spatial structures, i.e., auror
arcs were not considered. The precipitation patterns us~
in models Band C are such that the ion production rate 111
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the nocturnal auroral zone is fairly high [Spiro et al. ,
1982], and consequently, deep troughs or 'polar holes ' are
not expected to occur.
Since the data were obtained from October 13 to 14, the
solar season was very close to equinox, and hence,
approximately all of the geographic dayside was in
sunlight. This means that in the magnetic quasi-inertial
frame, the terminator moves 23° over the magnetic pole
on the noon-midnight meridian in 24 hours owing to the
11.5° offset between the geographic and geomagnetic
poles. Thus, the region in which there is solar EUV ion
production varies sigQificantly over 24 hours.
3.

DENSITIES AT 500 km

Plate 1 shows color coded Millstone Hill ion densities
for the period 1326 UT on October 13,1979 to 1321 UT on
October 14, 1979. (Note: Plate 1 is shown in a separate
section of the journal.) The densities were measured at an
altitude of 500 km, and are presented in an LT-dip
latitude reference frame. Table 2 interrelates dip and
invariant latitude for the Millstone Hill field of view. The
highest densities are color coded red/purple, while the
lowest densities are coded blue. A color key is shown on
the right side of Plate 1, covering the density range of 10 4
to 4 x 106 cm- 3. To produce this map, each 'cell' of
latitude and local time occupied by a single measurement
was assigned the observed density, and the color coding
varied over the cell to smoothly match those in the four
adjacent cells. Satellite echoes that have not been edited
from the data give spuriously large values in some cells
and provide some idea of the resolution achieved in the
measurements. This data set represents the 24 hours of
data acquired by the Millstone Hill radar and is not a
'snapshot' of the polar F region density. The set begins at
about 7 LT and then moves to later local times as
Millstone Hill corotates.
There are three major morphological features present
in Plate 1; namely, a dayside high density region, a
nightside mid-latitude trough, and a region of auroral
precipitation poleward of the mid-latitude trough. The
first region, that of high densities in excess of 4 x 105
em-3, lies in the dayside from 1000 LT to 1900 LT. This
region is produced by solar EUV radiation, but it is not
symmetrical about local noon. In our model the offset is
due to the influence of horizontal plasma transport, which
in this region is primarily corotation. At high altitudes
the corotation of plasma causes the highest densities to
appear several hours later in local time than the time of
peak production in the E and lower F regions. This time
delay reflects the time required for ionization to diffuse
:om lo~ altitudes, where the ionization is produced, to
gh altltudes [see Sojka and Schunk, 1982]. The horizon~ neutral wind also constributes to this effect by
. epressing the densities in the morning hours and
lllcreasing them in the evening.
Over the whole night sector a mid-latitude trough
regia'
.
Wid n IS eVIdent. The trough is deepest « 7 x 10 4 cm- 3),
est (about 5° of latitude), and reaches its most
equatorward extent in the morning sector. In the evening
::~~' the trough density is only a factor of 2 less than
In the surrounding region in certain places and is
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quite narrow (about 2°). However, it can be seen that the
trough extends past the sunlight terminator to about
1630 LT, where the ion production rate is still high.
Poleward of the mid-latitude trough there is a structured region of slightly higher densities extending from
1800 to 2400 LT. This region is in darkness and these
enhanced densities are probably associated with ion production due to auroral precipitation. These 'auroral' densities are about 7 x 10 5 cm- 3, while the densities in the
surrounding regions are about 3.5 x 10 5 cm- 3.
Plate 2 panels A, B, and C are, respectively, the ion density distributions at 500 km for models A, B, and C as
seen by a corotating Millstone Hill observer. (Note: Plate
2 is shown in a separate section of the journal.) These densities are shown in an MLT-invariant latitude frame. A
density color key is shown above the three panels; these
colors were selected to be as similar as possible to those
used in presenting the Millstone Hill data in Plate 1. The
model densities were obtained from our UT dependent
model over a period of 24 hours as the observer corotates
around in local time. That is, each plot represents the
behavior of flux tubes as they move through the region
under radar surveillance. All three models are quite different from each other with regard to the convection electric field and auroral precipitation energy flux patterns.
Of the three, model B is expected to give the best agreement, since the magnetospheric electric field and auroral
precipitation energy flux are the most appropriate to the
geomagnetic conditions that prevailed during the observation period. However, the other models are useful in
showing the sensitivity of the F region density to variations in these important magnetospheric input
parameters.
In the dayside, the model B densities are greater than 4
x 10 5 cm- 3 over a wide region that extends from 1200 to
1800 LT, with the peak density approaching 10 6 cm- 3•
This region is almost identical both qualitatively and
quantitatively to the high density dayside region in Plate
1. Neither model A nor C have such a high density
dayside region.
Model B shows a marked mid-latitude trough extending from 1700 LT to 0730 LT. In the morning sector, the
lowest density in the trough is about 6 x 10 4 cm- 3, which
is similar to that observed by the Millstone Hill radar. In
the afternoon-evening sector, the trough does extend
beyond 1800 LT, in agreement with the observations
shown in Plate 1. These low densities are associated with
flux tubes transported from the post sunset sector to the
dayside on a time scale that is too short for a steady state
equilibrium to be reached between the high density sunlit
E region and the depleted topside F region. However, the
model B trough is not shallow and narrow as indicated by
the measurements. In contrast, model B shows a particularly deep 'hole' poleward of, but attached to, the evening sector trough. Also, the observed higher density
'auroral' type structures in Plate 1 are not present in
model B in the 1800 to 2300 LT region poleward of the
trough.
For model A there is a region of high density poleward
of the trough. Indeed, model A shows considerable 'fine
structure ' in the 1800 to 2400 MLT region. This structure
is not directly related to the auroral precipitation pattern
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(compare with Figure 7, panel A). Thus, although model
A is not directly comparable to the observed data because
of the high activity level, it does suggest that the shortcomings of model B in the 1800 to 2300 MLT trough sector could be due to a lack of auroral production at the
appropriate flux levels. This is not particularly surprising, since the model B auroral precipitation pattern was
based on an average energy flux for the particular activity level. However, on a given day the auroral precipitation energy fluxes could be different from the average
fluxes. Apart from this small but important region, model
B shows good agreement, both qualitatively and quantitatively, with the observed Millstone Hill data shown in
Plate 1.
4.

DETAILED AFTERNOON·EvENING
SECTOR COMPARISON

The principal discrepancy between the model B densities and the observations occurs in the high latitude
evening sector in a region of westward plasma flow. This
is also the region where discrete arc formations are
expected, although the model only allows for diffuse
'weak' precipitation. Figure 8 shows both the Millstone
Hill radar densities and plasma flow velocities at 500 km
in an invariant latitude-MLT frame. The densities are represented by contour lines labelled in units of 10glO[Ne
(cm- 3)]. In the 1400 to 2200 LT period, the flow is
strongest at high latitudes and predominantly westward
when viewed by the radar. Only in the 2100 to 2200 LT
region above 68°" is the flow seen to be coming out of the
polar region, moving both southeast and southwest. A
well-defined trough region with densities less than 10 5
cm- 3 is found between 1700 and 2200 LT in a narrow
latitude band extending from 64 0 to 68 0 " . Polward of this
trough is a narrow region of relatively high densities, rv 7
x 10 5 cm- 3. In both the trough and high density regions
the plasma is flowing westward with speeds of 100 to 300
mls and 300 to 500 mIs, respectively, relative to the corotating observer. The extension of the trough into the
daylight sector coincides with a region of very high
westward flow velocities (1-1.5 km/s).
The corresponding model B densities and flow
velocities are shown in Figure 9. As expected, the densities in the late evening high-latitude sector are considerably lower. However, the general flow properties are
similar, although less structured, and the equatorward
region of the mid-latitude trough shows a somewhat
similar density structure, including a high-latitude
pre-1800 MLT feature. Indeed, by simply introducing a
slight latitudinal fine structure in the convection model it
would be possible to match the observed trough density
structure. This, however, would not be adequate for the
region poleward of the trough.
For model B the region of low densities between 1900
and 2200 ML T is associated with very large downward
drifts (Figure 6, panel B) and relatively low average
auroral energy fluxes (Figure 7, panel B). Since this
region is also in darkness, the large downward drifts
dominate, causing the F region peak to be lowered into a
region of greater recombination rate and, consequently,
the density decreases. In order to overcome this effect,

TABLE 2. Transformation from DIP to InVariant .... ,........ _•.•
Dip, deg

Invariant, deg

75.0
70.0
65.0
60.0
55.0
50.0

70.6
65.6
61.3
57.1
53.1
48.8

a:

either the vertical downward drift must be reduced or th
region must have a strong production source, i.e.,
aurora. The band of high densities observed by the radar
poleward of the mid-latitude trough (Figure 8) is indicative of the presence of strong precipitation. SUch
precipitation is indeed present. Figure 10 shows a defense
meteorological satellite program (DMSP-F4) auroral
image taken between 0210 and 0240 UT (October 14
1979) over the eastern sector of North America at a loc~
time of about 2200 LT. In this image the darkest shades
correspond to regions of high photon emission: As a
result, the major cities on the eastern seaboard and
around the Great Lakes are dark, while the Atlantic
Ocean and the uninhabited northern portions of Canada
are white. A geographic coordinate system is given by the
broken lines. Between latitudes of 56° and 58° N is a welldefined auroral arc extending over several hours of local
time (35° of longitude at least). This image was taken
while the Millstone Hill radar was scanning the same
region of the high latitude ionosphere, and therefore, this
arc should have produced a relatively high rate of ionization in the E region at that time. Aurora were also'
present in the adjacent DMSP images from the F3 satellite in the midnight sector; however, at these times
Millstone Hill was at different local times.
The arc observed by the DMSP satellite in Figure 10 is
located approximately 1° to 2° poleward (or 1 to 2 hours in
local time eastward) of the high density region observed
by Millstone Hill between 2100 and 2200 LT at 500 km
(Figure 8). This displacement is consistent with the configuration of an E region production source in a westward
convection region, since the density at 500 km will take
on the order of an hour to respond owing to the long diffusion time constant. Therefore, at 500 km the highest densities would be expected somewhat westward of the low
altitude production source. Such time delays and displacements at high altitudes of low-altitude features are
described in the storm study of Sojka and Schunk [1983].
Hence, the presence of a discrete arc in the evening sector adequately explains the Millstone Hill radar observations. The arc not only produces a region of high densi~y,
but acts to restrict the poleward extent of the IDldlatitude trough. In our model, discrete arcs are not taken
into account; instead, average auroral precipitat~on
distributions are used. Although an average distributIOn
of precipitation is adequate for comparisons with a lar~
data base, its shortcomings in this particular type 0
study is a major disadvantage. In order to impro~e
significantly the auroral model used in this study, ~
would be necessary to have a more extensive auror 1image coverage than that afforded by the DMSP sate
lites on October 13 and 14,1979.
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The latitude of the midnight and mor~ng sector
h for the observation and model B are different (see
troug
Plates s1 and 2b) . After midnight the model trough lies
.
0 equatorward of the observed trough; however, m
5
t
ahou moon and early everung
. sectors t h
t 'IOns are
e i
oca
the aft e
f hi di
in good agreement. A pro~able cause 0 t . s screpancy
. . the model convectIOn pattern, which has an end
lies m
d convection cell in the dusk sector that exten s to
~; ht. Hence, in the model the midnight location of
Dllh t gOUgh is determined by this high activity sector.
t e r
.
11
.)
ce regIon
From midnight onward (the weak convectIOn
.
f
t
t'
the IDl'dnight trough is located in a regIon 0 coro a. lOn,
nce the morning sector model trough remams at
and he ,
.
d
li
he same latitude as it corotates. As mentIOne ear er,
~he disturbed activity conditions ended at about 2130 LT
(Millstone Hill). Hence the ionosphere would have begu.n
to corotate at a fixed latitude at about 213? LT. At this
the model and observed trough locatIOns are very
·
.
t une,
similar, and if we had been able to change ~he ~onvectIO~
model to a quiet convection pattern at this tune, the 5
trough location discrepancy would have been removed.
5.

I

SUMMARY

We have compared the predictions of our high-latitude
ionospheric model with the diurnal vari.a~ions of plasma
convection velocities and electron denSItIes observed at
Millstone Hill on a geomagnetically moderately active
day near equinox. Since the time-dependent variation of
the magnetospheric electric field was not known, we
calculated plasma drift velocities and ion densities for
three different convection/precipitation models, each corresponding to a different level of magnetic activity.
However, for each model, the cross-tail magnetospheric
electric potential was kept constant for the duration of
the study. The model calculations for the magnetic activity level that best described the conditions occurring on
the observation day produced plasma drift velocities and
electron densities that were in good agreement, both
qualitatively and quantitatively, with the measurements.
The other two models were useful for showing the sensitivity of the high-latitude ionosphere to magnetospheric
'convection and precipitation.
From our comparison of model predictions and
Millstone Hill observations, we found the following:
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Fig. 9. Superposition of the model B plasma velocities and densities in the 1400-2200 MLT sector. The display format is otherwise identical to Figure 8.

1. On the observation day, the magnetospheric convection pattern observed by the Millstone Hill radar was
consistent with a two-cell, asymmetric pattern with
enhanced plasma flow in the dusk sector, with flow
speeds reaching 1.5 km/s. In the dusk strong convection
cell, the fall-off of the magnetospheric potential with
latitude was proportional to the inverse of the sine of colatitude to the fourth power.
2. On the dayside, a region of high density ~ 4 x 10 5
cm- 3) occurred at 500 km in the 1000-1900 LT sector.
Although this region results from ion production due to
solar EUV radiation, it was not symmetrical about local
noon, owin'g to horizontal transport. The shift in the ~gh
density region toward the afternoon reflects the tIme
required for ionization to diffuse from low altitu~es,
where it is produced, to high altitudes. Neutral wmd
effects are also important in modifying the daytime density variation.
3. On the observation day, the nocturnal mid-latitude
trough was the deepest « 7 x 10 4 cm- 3 ), the widest (rv 5°
of latitude), and reached its most equatorward position in
the morning sector. In the evening sector, the trough was
partially filled in by production due to a discrete auroral
arc, a feature not included in our ionospheric model.
However, the evening sector trough did extend past the
terminator to about 1630 LT. The model calculations indicated that this extension was primarily due to the
transport of low density nightside flux tubes to the
dayside.
4. The model, which is based on average auroral precipitation fluxes, can describe the gross features of the
enhanced densities in the auroral zone. However, the
observations indicate that discrete auroral arcs are
important and need to be included if details in the observations are to be reproduced.
5. Large scale production, vertical diffusion, a:: .:
horizontal transport can create 'fine structure' in ute
modeled electron density distribution that could be confused with 'auroral fine structure' if care is not exercised.
We have not attempted to 'fine-tune' any of the models
by adjusting parameters in an effort to obtain better
agreement with the data. Such an effort does not seem
warranted at this time, owing to the limitations of both
the model and the data. A more comprehensive comparison requires a multiple-site observation of the plasma
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Fig. 10 DMSP satellite image of the eastern part of North America. The image was taken when the Millstone
Hill radar was making a latitudinal scan at 1800 LT. Superimposed on the image is the geographic coordinate
system. Note the bright auroral arc in the upper part of the figure. Also shown are the city lights of the major east
coast cities.
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convection pattern and a more extensive auroral image
coverage of discrete arcs.
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